There has been much effort over the years directed on elucidating the impact of water vapor on the high-temperature oxidation behavior of metallic materials. This is because most service conditions encounter a relatively high level of humidity or steam. The effect of water vapor on the oxidation behavior of metals and alloys can be positive or negative depending on many parameters, including substrate composition, water vapor content, presence of oxygen or not, exposure temperature, and flow conditions. As a consequence of there being so many variables, there is no apparent general rule for anticipating the effect(s) of water vapor on the oxidation resistance of metallic materials.
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Chromia-scale forming materials are known to show beneficial effects in steam alone, but there is a negative effect when oxygen/air is present with water vapor, because of Cr species volatilization. Chromium content in the alloy or coating plays an important role, with an increase in content generally improving the oxidation resistance in water vapor. Much greater resistance can be realized with Al addition at an amount sufficient to form an alumina scale, which is less sensitive to water vapor-enriched atmospheres.
Coatings can be used to protect alloys from water vapor. Slurry coatings, able to form aluminides, or CrN/NbN PVD coatings have evidenced promising results even after 2000 h of exposure in steam at 650°C. The use of model systems (without minor element addition) helps to better understand and isolate oxidation mechanisms.
Recent research efforts have been focused on the behavior of alloys in a nuclear environment, particularly when an accidental and abrupt increase in temperature is observed in nuclear power plants. This concerns FeCrAl steels but also zirconium alloys, such as zircaloy. The studies are conducted using ultra-high-temperature conditions, leading to catastrophic oxidation behavior for which water vapor plays a crucial role.
All studies cover several disciplines from high-temperature reactivity to surface preparation, passing through mechanical behaviors (creep and stress) and characterizations of corrosion products (Raman, TEM, XRD, etc.) . And all approaches aim to increase the lifetime in severe conditions at high temperature and to better understand oxidation behavior in water vapor.
The following key papers were presented at the 9th international conference on High Temperature Corrosion and Protection of Materials (HTCPM2016), which was held at Les Embiez Island, France, on the 15-20th of May 2016.
